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(54) Operation of fuel cell wherein poisoned anode catalyst is intermittently rejuvenated by applying a DC 
potential 

(57) In the operation of fuel cell 2 comprising platinum catalyst anode 6 which is subject to poisoning by 
carbon monoxide and cathode 4 to which hydrogen fuel and oxygen oxidant are supplied respectively, the cell 
operating at 250C, after a first period the external circuit including load 18 is interrupted for a first time period 
eg. by opening switch SI, and a reverse DC potential applied to the anode and cathode using a second 
external circuit including rechargeable battery 20 or a capacitor (24, Fig 2) for a second time period to detoxify 
the catalyst the first time period being ten times greater than the second time period and the second time 
period being not greater than 0.25 seconds. To ensure the load 18 is continuously powered a rechargeable 
battery (26, Fig 2) or a capacitor (28, Fig 3) can be in parallel with the load. 
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A Method of Operating A Fuel Cell 

This invention concerns a method of operating 
a fuel cell, and also concerns apparatus to perform 
the method when in combination with the fuel cell. 

The fuel cell concerned is of the type 
(hereinafter called the type referred to) comprising 
an anode and a cathode each comprising catalyst means 
comprising platinum. 

It is known to supply fuel cells of the type 
referred to with hydrogen gas fuel to the anode and 
oxygen gas oxidant to the cathode. The hydrogen 
should not contain substances which will poison the 
catalyst means. It is known to supply hydrogen 
produced by reforming a hydrocarbon, for example 
methane or natural gas. However the resultant 
hydrogen may also contain carbon monoxide which is 
preferentially adsorbed onto the surface of the anode 
catalyst means comprising platinum and poisons the 
catalyst means at the anode resulting in the effective 
internal resistance of the cell increasing and the 
external current decreasing to a low or possibly zero 
level. Thus as the anode becomes increasingly 
poisoned, the cell performance deteriorates. To avoid 
poisoning of the catalyst means, it is known to use 
catalytic or other means to convert the carbon 
monoxide in the hydrogen fuel gas to carbon dioxide 
(or some other substance, for example methane, which 



does not poison the catalyst means) before the 
hydrogen is supplied to the cell. 

The provision of such catalytic or other means 
to convert carbon monoxide to carbon dioxide (or said 
other substance which is non-poisonous to the catalyst 
means) externally of the fuel cell not only adds an 
extra process and increases costs , but it does not 
cure the problem of detoxifying the catalyst means of 
the anode, should any carbon monoxide be carried into 
the cell with the hydrogen. 

An object of the invention is to provide a 
method of operating a fuel cell of the type referred 
to in which the catalyst means of the anode which may 
be subject to poisoning by carbon monoxide can be 
detoxified (or the cell rejuvenated) in a relatively 
simple and inexpensive manner. 

According to a first aspect of the invention 
there is provided a method of operating a fuel cell of 
the type comprising an anode and a cathode each 
comprising catalyst means comprising platinum, 

the method comprising supplying gaseous fuel 
comprising hydrogen and/or a gaseous alcohol to said 
anode and supplying gaseous oxidant comprising oxygen 
to said cathode, operating the fuel cell at a 
temperature which does not exceed substantially 250°C, 
providing an interruptable first circuit externally of 
the cell for electric current derived from the cell to 
flow in the external circuit from the cathode to the 
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anode by reason of the cathode being at a positive 
potential relative to the anode, providing a second 
circuit externally of the cell, said second circuit 
comprising electrical energy supply means to supply 
5 selectively a reverse D.C. potential to said anode and 
cathode thereby putting the anode at a positive 
potential with respect to said cathode, interrupting 
and completing the first circuit alternately and 
operating the second circuit whereby when the first 

10 circuit is interrupted the reverse D.C. potential is 
applied simultaneously by means of the second circuit 
and when the first circuit is completed application of 
said reverse potential ceases, said first circuit 
being completed for a first time period and said 

15 reverse D.C. potential being applied for a second time 
period, said first time period being at least ten 
times greater than said second time period, and the 
second time period being not greater than 
substantially 0.25 seconds. 

20 According to a second aspect of the invention 

there is provided apparatus to be used in combination 
with a fuel cell or with a stack or battery thereof so 
that when the apparatus is in use in said combination 
the or each fuel cell is operated according to the 

25 method defined according to said first aspect of the 
invention provided the or each said fuel cell is 
operated at said temperature condition and is supplied 
with said gaseous fuel. 



Using certain know electrolytes in the fuel 
cell, the operating temperature need not exceed 
substantially 100°C and possibly need not exceed 
substantially 80 °C, an example of such an electrolyte 
5 is a solid polymer electrolyte. If the fuel cell is 
an alkaline fuel cell in which the electrolyte is a 
liquid alkaline electrolyte, the operating temperature 
is substantially 65 °C. Using certain other known 
electrolytes, which may be liquid, the operating 
10 temperature need not exceed substantially 250 °C and 
possibly need not exceed substantially 200 °C, an 
example of such an electrolyte is a phosphoric acid 
electrolyte . 

Each aspect of the invention will now be 
15 further described, by way of example, with reference 
to the accompanying drawings in which :- 

Fig. 1 diagramatically shows one embodiment of 
apparatus in combination with a fuel cell according to 
the second aspect of the invention for carrying out 
20 the method according to the first aspect; 

Fig. 2 diagramatically shows another 
embodiment of apparatus in combination with a fuel 
cell according to the second aspect of the invention 
for carrying out the method according to the first 
25 aspect; 

Fig. 3 diagramatically shows the combination 
in Fig. 2 operating to apply the reverse D.C. 
potential to the fuel cell; 
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Fig. 4 diagramatically shows a modification of 
the combination shown in Fig. 2, and 

Fig. 5 diagramatically shows a stack or 
battery of fuel cells to which the apparatus of Fig. 
5 1, or of Figs. 2 and 3, or of Fig. 4 can be connected 
so that each fuel cell in the stack or battery is 
operated according to the first aspect of the 
invention. 

In the drawings the same or corresponding 
10 parts are identified by the same reference numerals. 

In Fig. 1 a fuel cell 2 has a cathode 4 and an 
anode 6. The cathode and the anode each comprise a 
catalyst comprising at least platinum in some form. 
The fuel cell 2 comprises an electrolyte 8. A fuel 
15 gas such as hydrogen and/or a gaseous alcohol is 

supplied in known manner to the anode 6 along inlet 
conduit 10. A gaseous oxidant such as oxygen or 
comprising at least oxygen is supplied in known manner 
to the cathode 4 along inlet conduit 12. 
20 The fuel cell 2 is operated at a temperature 

which does not exceed substantially 250 °C. 

The electrolyte 8 can be any suitable know 
electrolyte, and the catalyst at the cathode 4 and at 
anode 6 can be platinum provided in any suitable known 

25 manner or form. 

The electrolyte 8 may be a solid electrolyte, 
for example a known solid polymer electrolyte; the 
fuel cell 2 being operated at a temperature which does 
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not exceed substantially 100°C, and preferably does 
not exceed substantially 80 °C. 

Alternatively, the electrolyte 8 may be a 
liquid electrolyte. In one example, the fueld cell 2 
5 is an alkaline fuel cell with a liquid alkaline 
electrolyte; the fuel cell being operated at a 
temperature of substantially 65°C, and the catalyst 
may also include nickel as well as platinum provided 
in any suitable known manner or form. In another 

10 example, the liquid electrolyte 8 may be a known 

phosphoric acid electrolyte; the fuel cell 2 being 
operated at a temperature which does not exceed 
substantially 250 °C, and preferably does not exceed 
substantially 200 °C. 

15 Electrical leads 14 and 16 are connected to 

the cathode 4 and anode 6 respectively. The leads 14 
and 16 are connected to a first circuit comprising a, 
switch SI in series with a load 18 to be powered by 
the fuel cell. The leads 14, 16 are also connected to 

20 a second circuit comprising a switch S2 in series with 
an electrical cell or battery 20 having its positive 
terminal connected to the anode 6 (when switch S2 is 
closed) , and its negative terminal connected to the 
cathode 4 . Switches SI and S2 are controlled by a 

25 control 22 comprising timing means. The control 22 so 
operates that when it causes switch SI to be closed, 
so that the fuel cell 2 is providing electric power to 
the load 18, the switch S2 is simultaneously 
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interrupted; but when the control 22 causes switch SI 
to be interrupted it also causes switch S2 to be 
simultaneously closed so that electric power to the 
load 18 is interrupted and a pulse of reverse D.C. 
5 potential due to the battery 20 is applied between 
anode 6 and the cathode 4, thereby putting the anode 
at a positive potential with respect to the cathode. 

The control 22 operates the switches SI and S2 
so that switch SI is closed and switch S2 is open for 

10 substantially the same time period Tl, and switch SI 
is open and switch S2 is closed for substantially the 
same time period T2. The cycle of switch operation is 
thus switch SI is closed and switch S2 is open for 
time Tl followed immediately by time period T2 over 

15 which switch SI is open and switch S2 is closed. The 
cycle is repeated continuously. Time period Tl is at 
least substantially ten times greater than the time 
period T2, and the period T2 does not exceed 
substantially 0.25 seconds. Thus when time period T2 

20 is substantially 0.25 seconds, the period Tl can be at 
least substantially 2.5 seconds. It is believed to be 
preferable for the time period T2 (when the reverse 
D.C. potential is applied between the anode and the 
cathode) to be even shorter than substantially 0.25 

25 seconds. For example when the time period T2 is 

substantially 0.1 seconds the time period Tl can be at 
least substantially 1.0 seconds, and when the time 
period T2 is substantially 0.05 seconds the time 
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period Tl can be at Least substantially 0.5 seconds. 

It is understood that during the application 
of the reverse D.C. potential between the anode 6 and 
cathode 4 carbon monoxide, which may be poisoning the 
anode catalyst, is oxidised whereby the anode catalyst 
is detoxified and the fuel cell 2 is rejuvenated. 

The reverse D.C. potential can be 
substantially equal to or greater than 0.8 volts with 
respect to the open circuit potential of the fuel cell 
2. 

Referring now to Figs, 2 and 3, the second 
circuit connected to leads 14 and 16 differs from that 
in Fig. 1, in that the second circuit in Figs. 2 and 3 
is a network comprising switches S3, S4, S5 and SB and 
a capacitor 24. Switches S3 and S6 are in series with 
the capacitor 24 which is between them. Switch S4 is 
in parallel with switch S3 and the capacitor 24, 
whereas switch S5 is in parallel with the capacitor 
and the switch S6. Operation of the switches SI and 
S3 to S6 is by the control 22. When the fuel cell 2 
is to supply electrical power to the load 18, the 
switch SI is closed as shown in Fig. 2, as are the 
switches S3 and S6 so that the cell also charges the 
capacitor 24; at the same time the switches S4 and S5 
are open. To apply the reverse D.C. potential to the 
fuel cell 2 using the capacitor 24, the switches S4 
and S5 are closed as shown in Fig. 3 (so that the 
positively charged plate of the capacitor is connected 
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to the anode 6 via closed switch S5) and the switches 
SI, S3 and S6 are open. Thus in the cycle of 
operation the control 22 causes the switches SI, S3 
and S6 to be closed for the aforesaid time Tl whereas 
5 simultaneously the switches S4 and S5 are open, and 
then the switches S4 and S5 are closed for the time 
period T2 whereas simultaneously the switches SI, S3 
and S6 are open. 

Because in Fig. 3, the switch SI is open the 

10 supply of electric power to the load 18 by the fuel 
cell 2 is interrupted. To ensure that the load 18 is 
continuously powered a rev^ible or recha^eable cell 
or battery 26 (Fig. 2), for example a galvanic cell, or 
a capacitor 28 (Fig. 3) can be in parallel with the 

15 load. When switch SI is open the cell 26 supplies 
electric power to the load 18, or discharge of the 
capacitor does the same. When the switch SI is closed, 

the cell 26, for example a lead- acid cell, or the 
capacitor 28 is recharged by the fuel cell 2. The 

20 capacitor 24 is replaced in Fig. 4 by a rechejfcjeable 
cell or battery 30 to provide the reverse D.C. 
potential as required. 

Any or all of the switches SI to S6 may be 
mechanical switches, for example relays, or may be 

25 electronic solid state switching arrangements, for 
example thyristors. 

In Fig. 5, a plurality of said fuel cells 2 
(individually assigned the reference 2A,2B or 2C) are 
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represented as being electrically connected together 
in series in a stack or battery 32 to which the 
electrical lead 14 is connected to the cathode 4 of 
the fuel cell 2A and the electric led 16 is connected 
to the anode S of the fuel cell 2C. When there are n 
fuel cells in series forming a stack or battery (where 
n is any whole number) the reverse D.C. potential 
applied to the stack or battery may be substantially 
equal to or greater than n x 0.8 volts with respect to 
the open circuit poential of the stack or battery. 
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Claims 

1. A method of operating a fuel cell of the type 

comprising an anode and a cathode each comprising 
catalyst means comprising platinum, 

the method comprising supplying gaseous fuel 
comprising hydrogen and/or a gaseous alcohol to said 
anode and supplying gaseous oxidant comprising oxygen 
to said cathode, operating the fuel cell at a 
temperature which does not exceed substantially 250°C, 
providing an interruptable first circuit externally of 
the cell for electric current derived from the cell to 
flow in the external circuit from the cathode to the 
anode by reason of the cathode being at a positive 
potential relative to the anode, providing a second 
circuit externally of the cell, said second circuit 
comprising electrical energy supply means to supply 
selectively a reverse D.C. potential to said anode and 
cathode thereby putting the anode at a positive 
potential with respect to said cathode, interrupting 
and completing the first circuit alternately and 
operating the second circuit whereby when the first 
circuit is interrupted the reverse D.C. potential is 
applied simultaneously by means of the second circuit 
and when the first circuit is completed application of 
said reverse D.C. potential ceases, said first circuit 
being completed for a first time period and said 
reverse D.C. potential being applied for a second time 
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period, said first time period being at least 
substantially ten times greater than said second time 
period, and the second time period being not greater 
than substantially 0.25 seconds. 

2. A method as claimed in Claim 1, in which the 
catalyst means is platinum. 

3 . A method as claimed in Claim 1 or Claim 2 , in 
which the operating temperature of the fuel cell does 
not exceed substantially 100°. 

4 . A method as claimed in Claim 1 or Claim 2 , in 
which the operating temperature of the fuel cell does 
not exceed substantially 80° . 

5. A method as claimed in Claim 3 or Claim 4 r in 
which the fuel cell comprises a solid polymer 
electrolyte. 

6. A method as claimed in Claim 1 or Claim 2, in 
which the operating temperature does not exceed 
substantially 200°. 

7. A method as claimed in Claim 1, 2 or 6, in 
which the fuel cell comprises a liquid electrolyte. 

8. A method as claimed in Claim 7, in which of 
the fuel cell comprises a phosphoric acid electrolyte. 

9. A method as claimed in Claim 1, in which the 
fuel cell comprises a liquid alkaline electrolyte. 

10 . A method as claimed in any one preceding 
claim, in which the electrical energy supply means 
comprises electrical cell or battery means. 

11. A method as claimed in any one of Claims 1 to 
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9, in which the electrical energy supply means 
comprises rechargeable electrical cell or battery 
means . 

12. A method as claimed in any one of Claims 1 to 
5 9, in which the electrical energy supply means 

comprises capacitor means. 

13. A method as claimed in any one preceding 
Claim, in which the first circuit comprises an 
electrical load to be powered by the fuel cell, and 

10 second electrical energy supply means is provided to 
power the load when the first circuit is interrupted. 

14. A method as claimed in Claim 13, in which said 
second electrical energy supply means comprises 
electrical cell or battery means. 

15 is. A method as claimed in Claim 13, in which said 
second electrical energy supply means comprises 
rechargeable electrical cell or battery means. 

16. A method as claimed in Claim 13, in which the 
second electrical energy supply means comprises 

20 capacitor means - 

17. A method as claimed in any one preceding 
Claim, in which the first circuit means is interrupted 
and completed and the second circuit means is operated 
by operation of control means operating switch means 

25 in the first and second circuit means. 

18. A method as claimed in Claim 17, in which said 
switch means is provided by solid state switching 
means . 
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19. A method as claimed in any one preceding 
Claim, in which the first time period is substantially 
2.50 seconds and the second time period is 
substantially 0.25 seconds, or the first time period 

5 is substantially 1.0 seconds and the second time 

period is substantially 0.1 seconds, or the first time 
period is substantially 0.S seconds and the second 
time period is substantially 0 .OS seconds. 

20. A method as claimed in any one preceding 
10 Claim, in which said method is applied to the 

operation of a stack or battery comprising a plurality 
of said fuel cells. 

21. A method as claimed in any one of Claims 1 to 
20, in which the reverse D.C. potential is greater 

15 than or at least substantially equal to 0.8 volts, 

with respect to the open circuit potential of the fuel 
cell. 

22. A method as claimed in Claim 20, in which the 
reverse D.C. potential applied to the stack or battery 

20 of said fuel cells in series is greater than or at 
least substantially equal to n x 0.8 volts with 
respect to the open circuit potential of the stack or 
battery; and n is equal to the number of fuel cells in 
the stack or battery. 

25 23 . Apparatus to be used in combination with a 

fuel cell or with a stack or battery thereof so. that 
when the apparatus is in use in said combination the 
or each fuel cell is operated according to the method 
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claimed in any one preceding claim provided the or 
each said fuel cell is operated at said temperature 
conditions and is supplied with said gaseous fuel. 

24. A method of operating a fuel cell of the type 
comprising an anode and a cathode each comprising 
catalyst means comprising platinum, said method being 
substantially as hereinbefore described with reference 
to Fig. 1 or to Figs. 2 or 3, or to Fig. 4, or to Figs. 
1 to 5, or Figs. 2, 3 and 5, or to Figs. 4 and 5. 

25. Apparatus in combination with a fuel cell or 
with a stack or battery thereof, said apparatus being 
constructed and arranged to operate substantially as 
hereinbefore described with reference to Fig.l or to 
Figs. 2 and 3, or Fig. 4 or Figs. 1 and 5, or to Figs. 
2, 3 and 5, or to Figs. 4 and 5. 
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